Physical Science - RAILROAD RESCUE: Energy Conversion by Young, Patrick
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Fourth Grade Physical Science 
 
RAILROAD RESCUE: Energy Conversion  
 
Background Information, The Historical Events: 
In January of 1952, the Sierra Nevada mountains of California were stuck by a record-breaking 
blizzard. Railroad tracks through the mountain passes were being blocked by avalanches and 
snowdrifts. The tracks were generally kept clear by powerful rotary snowplows, but this blizzard 
was like nothing the Southern Pacific Railroad had ever seen before. 
 
 
On January 13, a passenger train, the City of San Francisco with 226 people aboard was making 
its regular run from Chicago to San Francisco. An avalanche had covered the tracks near the 
infamous Donner Pass and the train hit this deep snow and became stuck fast. 
Rescue efforts began immediately. Several rotary snowplows were dispatched. Four failed to 
reach their goal. One ran out of fuel. Another derailed on icy tracks. Two more were buried in 
avalanches. A fifth rotary snowplow reached the City of San Francisco and attempted to pull her 
out from the rear. This effort failed when the plow suffered a mechanical failure and slipped 
from the tracks. A sixth plow reached the front of the passenger train, but could not pull it from 
the snow. It, too, became stuck. 
 
During the rescue effort, winds were gusting to 100 mph and snowdrifts 12 feet deep would bury 
all but the top of the City of San Francisco. Passengers were cold and uncomfortable as power 
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failed and supplies ran low. 
After three days, crews working to clear the nearby highway were able to reach and evacuate 
everyone from the City of San Francisco. The passengers were finally safe, but it took another 
six days for the Southern Pacific Railroad to extricate all the frozen trains and plows from the 
Donner Pass. Sadly, two railroad workers lost their lives during the rescue. 
It is neither necessary nor desirable to share all of these harrowing details with your students. 
What is vitally important is that students know the task was not easy. Several attempts failed. 
Success came through the grit and determination of people who refused to give up. Students 
who struggle to build their model snowplows should be reminded that real engineers also 
struggle. Machines seldom work as desired the first time. Success, and indeed heroism, are 
often a matter of refusing to give up. 
A 1952 newsreel describing the event can be viewed at 
https://www.youtube.com/watch?v=tG59X7bMDpA&t=3s 
Always view videos yourself, before showing them to students. If you choose to show this to the 
class, let them know that in the days before television and internet, people watched such 
newsreels in movie theaters and school auditoriums. It was the only way for most people to see 
“video” of important news events. 
Good, modern video of rotary snowplows in action can be seen here: 
https://www.youtube.com/watch?v=RjBQ3MaBYiU&t=3s 
Background Information, The Science: 
Energy is the ability to do work. Energy can be thought of as a currency which is universally 
accepted as the way to make things happen. Energy comes in many forms and may be 
transformed from one into another. Energy stored in fuels may be converted to the energy of 
motion. Trains store energy in coal or diesel oil. In this activity, a model train will store energy 
in a battery before converting it into the energy of a spinning paper blade and flying snow. 
 
Performance Expectation:  4-PS3-4 Energy: Apply scientific ideas to design, test, and refine 
a device that converts energy from one form to another. http://www.nextgenscience.org/pe/4-
ps3-4-energy 
Disciplinary Core Idea  
PS3.B: Conservation of Energy and Energy Transfer: Energy can also be transferred from 
place to place by electric currents, which can then be used locally to produce motion, sound, 
heat, or light. 
ETS1.A: Defining Engineering Problems: Possible solutions to a problem are limited by 
available materials and resources (constraints). The success of a designed solution is 
determined by considering the desired features of a solution (criteria) 
Science and Engineering Practices  
 Constructing Explanations and Designing Solutions: Apply scientific ideas to solve design 
 problems. 
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Crosscutting Concepts  
  Energy and Matter: Energy can be transferred in various ways and between objects. 
 
Materials  
• Mountain Pass and Snowplow sheets (printed on cardstock, one per group) 
• Scissor  
• Masking tape 
• transparent tape or glue sticks 
• electric motor (one per group) 
• single AAA battery pack (one per 
group) 
• AAA battery (one per group) 
• Student Pages 
• Paper (any kind, one sheet per group) 
• Hole-punched paper confetti (a handful 
per group) 
• Paper grocery bags (one per group) 
• Vacuum or dust brush and pan for  
• cleaning-up paper confetti 
 
Suggested Implementation 
To pique interest and activate background knowledge, begin by asking the class: 
• Do you ever have to shovel snow? 
• Is it hard work? 
• Does it take a lot of energy? 
• Where does that energy come from? 
• How does your street get plowed in winter? 
• How do you think railroads get plowed? 
 
Now would be a good time to show one or both of the videos previously mentioned. 
Help students form groups of two or three and pass out Student Pages. Ask for 
volunteers to read aloud the background information and the Problem statement.  
 
Allow students to complete Part One: Modeling the Mountain Pass 
Folding cardstock along a straight line can be tricky. Sometimes a ruler or table edge can help. 
Inspect student work and assist as necessary. Keep the leftover cardstock for later. Students 
may wish to build with it. 
 
Allow students to complete Part Two: The Challenge 
 
Show students all the materials they will use, but don’t let them take materials back to their seats 
until they have discussed a design and documented it with a sketch. 
 
After approving their design (whether or not you think it will work) give them the materials to 
build their design. Don’t give them “snow” yet. 
 
Once their design is complete, students will request a handful of “snow”. First, have them build 
something to contain the flying paper confetti. One method is an enclosure made from a paper 
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grocery bag. Using scissors, make two cuts along the top seams of the bag as shown. Students 
can do their experiments inside this enclosure and capture most of the flying “snow”. There will 
still be a need for a whole-class cleanup after the activity. 
 
 
Debrief Questions 
What was happening with energy while your snowplow was working? 
Keep discussion going until the following points are understood: 
• Energy was initially stored in the battery 
• Then electricity carried it through wires to the motor 
• The motor converted the energy into the spinning of the blade 
• The spinning blade gave some energy to the snow, causing it to fly off the tracks 
 
Can you describe another example in which energy changes from one form to another or 
flows from one object to another? 
 
Assessment 
The following single point rubric can be used to assess student understanding. For each of the 
four criteria listed below, either circle the proficient description or add notes to a box indicating 
why the student’s performance was either lacking or exceptional. 
 
Areas that need improvement. 
Developing Performance 
Criteria for 
Proficient Performance 
Evidence of exceeding standards. 
Advanced Performance 
 Explained that energy stored in 
the battery was converted to the 
energy of the spinning blade and 
flying snow. 
 
 Worked collaboratively and within 
the given constraints. 
 
 Modified the design as necessary 
to improve performance. 
 
 Described similar examples in 
which energy is converted or 
transferred. 
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Accommodations 
 
Cutting and folding cardstock requires fine motor skills. Students with difficulty can be paired 
with an appropriate partner.  Reading aloud instructions with students can help those still 
developing grade-level reading skills. 
 
Students who complete the challenge early are given an extended challenge to try in their 
Student Pages. Additional challenges could include using: 
• More “snow”. 
• A longer track section, by combining two together. 
• A contest to see which design can send snow flying the farthest (allow students to design 
the competition, including the rules and a method of scoring). 
• A contest to see which design can clear a long track in the least amount of time. 
 
Materials 
 
The Motor 280 from Pitsco (W54428) is a good choice, but there are other alternatives. Motors 
must be capable of operating at 1.5 volts, which most “3-volt” motors can do. Shaft diameter is 
not important but the shaft length should be at least 1 cm to give students plenty of room for 
attaching blades. 
 
Either the motor or the battery pack should come with wires already attached, otherwise you will 
need to add some wire of your own. When buying battery packs or motors with wire, it may be 
necessary to strip some of the insulation from the wire tips. That will enable students to make 
attachments more easily. Soldering is not recommended for this age. 
 
Paper confetti, to use as snow, can come from any hole puncher. Another option is to buy white 
tissue paper confetti from Oriental Trading (70/1900). It is extremely light and is very easy to 
blow from the track. Using it may allow students to achieve better success with their design.  
